Abstract. Internet and communication technologies have lowered the costs of enabling individuals and communities to collaborate together. This collaboration has provided new services like user-generated content and social computing, as evident from success stories like Wikipedia. Through collaboration, collectively built infrastructures like community wireless mesh networks where users provide the communication network, have also emerged. Community networks have demonstrated successful bandwidth sharing, but have not been able to extend their collective effort to other computing resources like storage and processing. The success of cloud computing has been enabled by economies of scale and the need for elastic, flexible and on-demand provisioning of computing services. The consolidation of today's cloud technologies offers now the possibility of collectively built community clouds, building upon usergenerated content and user-provided networks towards an ecosystem of cloud services. We explore in this paper how macroeconomic mechanisms can play a role in overcoming the barriers of voluntary resource provisioning in such community clouds, by analysing the costs involved in building these services and how they give value to the participants. We indicate macroeconomic policies and how they can be implemented in community networks, to ease the uptake and ensure the sustainability of community clouds.
Introduction
Recent developments in communication technologies like Internet, email and social networking have significantly removed the barriers for communication and coordination for small to large groups bringing down the costs that obstructed collaborative production before the era of Internet [1] . The ICT revolution ushered in group communication and collaborative production with popular applications now widely adopted, like social networking, social bookmarking, user-generated content, photo sharing, and many more. Even infrastructures based on a cooperative model have been built, for example community wireless mesh networks gained momentum in early 2000s in response to limited options for network connectivity in rural and urban communities [2] . Using off-the-shelf network equipment and open unlicensed wireless spectrum, volunteers set up wireless networks in their local communities to provide network and communication infrastructure. These wireless networks have proved quite successful, for example Guifi.net 1 provides wireless and optical fibre based broadband access to more than 20,000 users. Community networks successfully operate as IP networks, since the nodes' bandwidth is shared among all the members in a reciprocal manner.
Despite achieving sharing of bandwidth, community networks have not been able to extend this sharing to other computing resources like storage. There are not many applications and services used by members of community networks that take advantage of resources available within community networks. Community networks are based on voluntary contributions of participants, and economic or social incentives to encourage this have been crucial to achieve the sustainability of the community networks [3] . Apparently the current incentives in community networks are not sufficient enough to overcome the barriers for realising the sharing of other computing resources besides just bandwidth.
Sharing of computing resources in the Internet is now commonplace because of the wide adoption of cloud computing model [4] . Cloud computing provides on-demand, elastic, flexible and cost-effective access to computing resources. Today's clouds are mainly provided upon a pay-per-use model, where the cloud services are offered to the consumers as a utility and by commercial providers. Cloud computing allows enterprises and individuals to reduce significantly the time and capital investment in setting up their own infrastructure. Instead, they can request resources on demand from the cloud services providers, which not only lowers the total cost of ownership for consuming resources because of economies of scale, but leaving low level details to the service providers focus can be shifted towards building and using high level applications. This also applies that an individual or organisation is no longer limited by the resources present locally and owned directly. When demand exceeds the current capacity, more resources can be requested on the fly from one or more cloud services providers. This has relevance for community networks as the members in aggregate boast much more resources than owned by a single individual or a small group. When members of community network can share and trade resources based on a cloud computing model, they can sell their excess capacity as the demand fluctuates and in return can take advantage of services and applications that were not possible earlier due to the limited resources locally.
The concept of community clouds has been introduced in its generic form before, e.g. [5, 6] , as a cloud deployment model in which a cloud infrastructure is built and provisioned for an exclusive use by a specific community of consumers with shared concerns and interests. We refer here to a specific kind of a community cloud in which sharing of computing resources is from within community
